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Recent research in space elecironics, by NASA, will be
discussed under two categories: 1) Guidance and Control, and
2) Commmtcationss Instrumentation snd Data Frocessing. Is the |
discussion will coisern sdvanses in astrophysical instrumemtation,
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P GUIDANCE AND CONTROL

'

Gentlemen, this moring | would like to

off NaLATs .electronics and control program, o i in Figure 1. Included arc ool
guidance and contro! fur ot
here in diagrammatic form
control system.

vide you throu ! o description of some techni o

ons in accompiict.in

g ospace o ceroncutical vehicle mic i

i

5 the flow of irizrmeaiicon ane commands In g nevigosion, giivon e i

First navigation ‘s performed, decidir; v/ s finc

actions are dest =d, and with Lison rean o lag e
H o R YECHRICAL AREAS
cn'd point and w.cre you arc, - ¢l AT
! : . :
other. Tne gu:iunce system, wi. .. i scoieie, the e e -
. , i . . . L. PR EPUN 7TV TS PR o oALiAA «" v ot
determines the best path to foilw to ariive af the : e L‘p_l Loms 1

destination. Cc.ivol then keeos the vehlcic on miie
flight path by means of actuciors, acting o the ‘ ' M{QJITI,“.MT.?:,.. )
vehicle. We will see examples of researcii and P
develon :nt in cach of these blocks, aimud ot
confriui. .g fo the technology of the vehicle
navigaii ., guidance and control for use by futur.

space a. .. acre .actical projects. Fig. 1
- ADLE L CQURRERINT FOR | Iragortant to such rescarch work s the curabidish-
coiE caenTARY RISSICHS | ! . R .
| ment of technical requicrients—gouis, H you
T T R ; will—for our program eifcis. How these require~
' Co it i ments influence the emphusis on specific devices
e i B L_J_Jim" ! 1 can be fraced in the following sequence. First,
L T ; ; ¢ rigure 2 shows, the mission time demands
‘_i!::.. a) ! | re.iable ¢ooraring life of our subsystems. Shown
i ? | are repreceniwiive hign thrust missions of the
| | future, and ...c associcte reliable life require-
| raents in years. Not inciuded of course, is the
v v amount of confidence onc mus. siace on each of
Lo vk

HAGARLA1 4%

) the subsystems. ..is it a primery system, a
Fig. 2
sccondary or backup, is it manned. . .all of which
will then determine the required reliability
for the subsystem.

Both the requircments for very long life in
ncvigation and  llance systems, and the desire
to have simple backup schemes lead to consid-
cration of manned navigation systems, illustrated

in Figu... 3.

Prics to the availability of an advanced spac
fil_..0 guidence simulation facility being S e e e e

developed for Ames Research Center, an interim- Fig. 3
simulator is being used effectively. The simulator



. s ’
L] v "

consists of
motion. The spacceraflt and har . ~held optical instruments ars srovided a planetary and oo 00

.

crew compartment supported on an eli~hcaring table to provide fioe

and the compartment "#.01f is controlled by ¢ coid gas cotitoo controlled syctem.

Studies with . issir o . . ar Ames of the dcouracy eowinal! wvith crew-operated manuar oy

tion insiruments hav @ boen underway . The stoaizs are invesronting the use of both hand-1 -1
spacccralt mounted insiruments.  Experienced v Foice novioe fors and Ames Research G
engincering personnel are participating in thesc studlos. Reweits of the studies to date show oo
readings with hand=hold backup instruments, plus a ravigation feble, can be obtained witl '
accuracics. As an example, other factors being equei., et of a manual system as backin

n mission by only a factor o 10

would c‘cguu the Earth landing footprint arca on a tonar vt
compared with e use of instruments of the cocuracy o

In addition to these studies, reocarch on o vetaiy of ’rc.cl NiquUes 19
way i..~house af Ames. Dcwch being investigated
adv.rnced filters, fiber optics, and special ciectronian, a.

plaicrary discs are shotographed against the star bcc,\:ground. Neavigational measuremenis are

od sextants usioo

ysfem in whizh
. (R Lt - M |
me - directly from ©0 csulting ohotographs.

M- .on consideraticns aivo 1cad us to requircments

for wlure gyroscope devices, Figure 4. For cach
FUTURE GYRO RIGUIREREAT

i <licated applications—a job within a mis-
“t rates and other requirements are derived. APLIATION | okt e e, | ongn v
Show . are the principal unmet requirements in cach e st s wamer L temmE
casc. For examplc, for capsule manceuvers, drift Gt o
stability is an unmet roquizement. However, cour o o |

. R . G YROLUMMPALHNG ) | U, ve 0,04 LONG Lt

ochmvmg long lifc i this particular application
?::AT.:‘!:V,MA"I‘Q?\)A.'. l 0.} 0,000 LT sTAMLILY

is not @ problem toc . Future gyros shouie 2o
. :rature oven control fo.
stability. Tacy shoo o have no external magneftic é e et A i

| COmPU IR RS CARREMEIdES

tainly require no tem o

Siata A XA 7ek

ficld to inferfere wii.. rher space instrumentaiion C e e
and should requ'-c @ minimum associated com-
puter capability. These requirements have ted us Fig. 4

to both research and development tasks related to the cryogenic gyro, Figure u. Here a super-

conducting sphere is supported in a vacuum by a frictionless magnetic Ticlid, and the position of

‘ne spacecraft relative to this sphere is read out optically. The superconductiviiy is maintained by
imersing the unit in the very cold liquified gas

PR R [

CRYOGEHRIC 6YRO

) fuel cell of the spacecraft.

Wi JUCATEL 1N CRYGEINIC Fial Uil ’ ) -

Progress is shown by the very low drift rate
achieved, matching the drift requirement of
Figure 4, and the long run-down fime constant.

Sl AN DL L NG G YK This time constant indicates the potential for leng
® JOIRILY SUPPOKILD BY AT & NASA (REKK) life’ if ThC very serious hccﬁng prObICfﬂ and con-
v PRomin. sequent loss of superconductive propertics in the
. mlxl.uJ::;, ;L('.I; f;:((,la II.A mllglr{ 10 A'f:ull\l[ y , .
ALY ML IRESING RO | superconcucting sphcre can be solved.
ATAmilL g :
® Kiinia i oA TEMPTRATURES

(Lxuum w it b S IREDD
NASA BE- /3064

Fig. 5



Problems remaining to be solved incivde e rotor finishing fo get an extremely smooth and
S 9 g
3,

accurate surface on the sphere, whicn pfu.’xiucs o be a solution to the very severe heating prob-
fem; repeatability of fabrication, because of the finishso process primarily; and the fact that
P yi

superconducting materic wiiable today oquire llGU‘d helium temperatures. Helium as o fucl
has a specific imnulse of Loodisely zero. Ve want to go to liguid hydrogen temperatures at 21°

above absolute zero—this is desired cad we hope 7o be able te make that.

Another gyroscope development SHTICAL LASR CYRO RESEALCH
cined af the long~life medium accuracy rcqu:red
(Figure 4), is the laser gyro, Figure 6. In this o R -
case afour-sided laser system has light going in N P o
both directions around the ring. Please remember // | ;
that light travels at a constant velocity without ST ;
regard to the ~clocity of the o dium through R B,
which it is passing. If we imagine this ring \ V,z"/ T i ;
rotating, then light passing in the direction of P e
the rotation will have to travel a fonger disrance et sencrca
and will have a longer wavelength and ¢ tower
frequency than light going in the other cnec‘i‘lon,
against the rofciion. |If a scmple of both light Fig. 6

beams is taken out and compared by conventional microwave techniques, the angulor rae "
mecasured, and we have an angular rate sensor useful both in guidence and control.

The potential forleng-life reliability can be seen from ¢ _.wplete |
is now going on ai Ohio State University md at other sicass fowards opii

o
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3
)
<
@
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om configur o

opftimum _as mixrures, the achievement of ¢ single moae o csciliation wimIn tne maszi,

srwre rather than gaseous masers or lasers.  cven
scrae fundamental physics is not yet under ©.od, Cobhitl o ELLC RS
and of course al! of it pointed fowards go-7 wr

reliability of this type of sensor.

Eariier traicctory studies -of Mars end
Venus Gl er missions, Figure 7, using . colris
cally prosctled spacecraft, indicated tho sensi-
tivity of ilicse trajectories to relatively sacll
guidance crrors, For example, in a 415~day Mars
Orbiter riiion, one-half degree error in thrust
angle coutd result in 200, 000 miles position error
at the target planet. It was concluded that

n
w
N



.cpch., v tiaioct o, Loivn Lations davosnout e flight and corrective guidence mancuvers
would be roc oired tor the fow thrust propulsion system mission. In fact, in .hlo repefitive mode it
is rather I o on;zmguifh petween navigation and gu'tdoncc. This work is currently being
followed by more detailed studies of specific techniques for guidance of low thrust spacecraft
trajectorics, which should lead to the formulation or statistic oHy optimal guidance procedures.

In - zraller with the guidance studies, oz studies direcred foward the applica-
tion of advanced maihicmatical technigues to the cciculation of trajectories for vehicles having
onc or more low=thrust tages. This work is an extension of a major activity at  [iGIC on fne
pcrformcncc of ». ctory studies for . n=thrust missicns.

Although ¢ \:tsidcreb‘f lyhcc! work remains to b comp:

.o, 1t has been recognized that
sensor tech. ogy wounlicable (o low=thrust guidance snould be developed.  Particularly needed,

are GCCC:\;.\,).A;CL\;.J having sensitivities in linearities ior acceierations several orders of magniiude
evs - then @ Lose used in current igh-tarust applications. Unfortunately the lack of available

manpower hus precluded the initiation of requirement and specification work in this area.  There
is of infercsi, however, a procurcment . of er electrostatically suspended, accelerometer

developed by Bell Aerosystems for the Air Force. This accelerometer is fo be used for thrust
mcasurc...ent of fon engines in future orbital enginecring flights.  This

X . ..... with suitable modifications for
incrcased sensitivity, can give carly insights into the problems of measuring low accelerations.

A rescarch task undorway at Ames, Figure 8, com- T e
bincs . ““ance and confrol studics cimed at soivmg
the zero zero landing probicm of the short heul

commercial airliner when operating into relatively
small airports not equipoed wifh all of the para-

nov1go’r|o.. ol '.;, forward 'cof\'inc cow coppler

radass, and digital corr.pui‘cr cquinment i

airplane, combincd wiin unwrended, simple,

cccurately locatc rador repeaters placed ncar

the approach end of the runway. The pilot, S

havisg complete and precise knowledge of the

rus. gy position presented to him, flies the air- Fig. 8

cro.. ia a cseude-visual mode to a blind landing.

.,ys.\,.n simulation results have been quite encouraging and fll&’ﬂf tests of a representfative sy
will be conducted soon. o

v
—
¥
3

The pert vhich a pitot may play in controlling a vehicle is always of interest. If a pilot,
equipped wirna a full set of instruments, is aboard a large space booster being sent on a space
mission, what role can the pilot play in making more <iective the controls in that booster: To
crower his quesiion it was postuiated that a pilot could zentrol during boost and might even per-
form beiter than a complercly automatic autopilot in casc. of partial failure of the clectronic

systcm.,
A preliminary demonstration was mounied by .viarshall scientists, using an Ames simulator ot Aumes,
and with the ¢id of Ames and Flight experience in manned flight control. The demonstrasion

showed ther .ne pilot could control the vehicie, given properly displayed information, ..« could

6



in_adlition meduce structural loads due to wind gusis.  The Pilot must, however, Lo given aid
foom some pe - s of the avtomatic system, so ke doesn't replace the autopilot, but simply makes

I H

the system as ¢ vhole more cffective.

The results, Ficore v, 1 on show that wina @

t " zal manned booster “wjeciory, shown here i |
. . .
. .. \ "~ i SARNID BOOSTER CONTROL
schematically, intthe no .l all systems "Go ;
made the pilot could adupt to ehanging wind con- . L
ditions «s they develop during flight, minimizing o g

‘ o \
struciural loads, could guide by alternate paths ; / CERE

during .ne ascent, and could materially id in ' //"/'» e e

piccise inloction control. When malfunctions S e e
" . PIUAMAL - ACTEREATE MR

were simulated, the pilot could correct for many P //

A LIALE CUICA

of these, or in case of abort, could take the

DATEGT e Y UM RIS LD GRS, MALTIA S Tt

safest course of action. In fact the pilot's abilii: B e s erion

to adapt to new conditions rivals that of advanc.. i - -
digital cdaptive cutopllofu cing developed now i —
for bousier use, '

DUENIHANLE 4

Fig. 9

The booster characteristics used in the sinuliaticn , i, were those of the
Satumn V. i appears feasible to incorporive man v baos. control in manned Saturn V launchings

with very little change in the veiicle. ©als moce of tion is being considered by fu;az;‘f‘.‘; V

projcct enginecers, although much remains to be donc Heio ¢ @ decision can be made o e 5l
coarol,

Fuiure simulation work clong these lines is planned to

boosfu concepts, where pilot coniroi may greatly sim
requirements.

urning our attention from flight systems to some T
i of the flight control investigator, Figure 10,
ine simulator shown is used for some related work.

[ {o1e)

The interchangedble pilot enclosures—the one S '

iiere 15 a Gemini enclosure—will house one or two )

men, moonted on a ten-foot diametier gimbal ring,

hydraulically driven by a computer, o shown.

The computer has within it the cquatior.. of motion

of the simulated vehicle, and in tuin is ..lven by
; .

o Lls ensiesls. Where the simulation can be e e
Gune wita @ iked-base simulator, where the pilot



dous n.-;s-i‘_\.’hove i correspondence with the simulated vehicle's motions, it certainly is o b
prefered., . .

Figure 11 shows two ~onditions of flighi: Launch
and climb, and ree- =/, in which fixed-buse

[

. . _y SUTULATION TECHXOLGE

simulation results wore compared with X=12 SRLATION TECHHOLOCY

flight v+ s, the line showing satisfactory

correlation.  The experimental points (shadce AN S o P A VR

arca) show satisfactory correlation for faunch o s

and ¢ by, but not for rec. vy, Bocause of thase A I .
: ) ! P weaiira 1 { B

soris of comparisons, reentry and other flight s

LT AR I I‘/ , .

FLaD aAM Seainin s o

regimics must be simulated by moving base sirru~

fators, while launch and climb can be simulacd
by fixed base simutaiors. Our cbil’.fy to juc: o

between the comulcxity and cost of these fwe

types fo occomplzsn a specified rask cimuiaric

is increasing, wuf is greatly dependen f on fi Fig. 11

uability to ni. wure human performance (. flight conivol siivaims. Figure 12 further noten that e

PILOYED SVETELS

PERFOALIANGT UL SURES

® L UERIVE RETTABIE MEALGKDS OF HUMAN PHREORMANCE
IN A CONTROL 100, iN GRULRTO BLITLR JUDGE STMULATLL
SYSTIM PURIORMARLE AND PROBUCE BLTTLR CONIROL SYLTIMY ! The ::EI'ST O{: 'rhese, SUbiGCﬁVe roﬁng SCG‘;‘C:L, i.u"-‘;:(‘:z’“.‘.

from the usual difficulty with subjective scales in

that the pilot is seldom able to describe objec-

3 tively what he has done, but it is still quide use-

N L s ful for acceprability—test pilot—sorts of judg-

4 menis.

s SURJLCHIVE RATING SCALES
= CONIROL STICK OR TRACKING ERROK:
o BATLIMATICAL MODILING

Fig. 12

“ocond, c...irol stick errors are sometimes used as mecsures. Many sarameters of the simulated

_orare cocorded, usually as paralic. sen fracings, and an evaluctica is made of the complex
inferrelarlons between such tracings.  Often thirty or more are required. The important fhmg is
the mass o wata. Even with this mass of data, ceriain cenclusions seldom can be drawn regarding
the suitc. . 7y o she control system design. Experienced flight control engincers can intuitively
derive muz infermation from such a record, and of course many successiul vmh?cies Gre now
flying bascd on such intuitive anclyses. But the method leaves much to be des . Measures
derived from these instantar.cous errors, such as integraved absolute error and RMS error, do not
corrclate between th xmsclvc;, and an even icos relicble correlation is cbrained between these
measures and nie design being tusted.

We dosive instead, o uiional design procedure for manned flight control systems in which fhe
- « - e .- . il
actions of the maun can be predicted accurately. True, we can predict pilofs’ actions in thc
. : . . - . P I PR
simplest cases, sing.e axis control, linear operations, non-time veriant, singlc rask. Butine

rcal va.ue of pilot in a flight control situation is where he is edesiive, nonlii ur, making control
decisions cbout multiple axes and multiple tasks. Mathematical mcdels are being °ough

these more complex, real cases, drawing on the extensive control incory available today i

e



U S, opiiiized woooms, san.pied data models, and so fort

o ‘
e meod of mathemat
“tgure o ownows a method used at L’f

MATREMATICAL MODELIRG

1y Llaced in g typical sl :
sontrol Loes, T Ling asked to command o -..xumc!e

v
WOICH G

.« commands and errors fed o him
splay. il now a computer, acrually

oo adapiive cutopilot, 1s given the some

v driven fo adupr to give the same L. 7% ‘} e
4

1
_— DA r
- 1 . ; i _] :.A lxr.l -
Cillwd e Lo TG, G5Ol Thoorun is over vho ‘ e : |
P TR S SR o : PRI ; b"- | T maesti s e
wcleristics of the cdaptive autcsiiot can be ‘ O L i v
cout and are g easus of e piiot performance
vty task using whis contvol and display. Note
‘it the autopiiot is not driving the vehicle. s
simply adepring itself ro null the difference be- Fig. 13
tween s performance and the pilot's.  Exiension of in chnicuc o multiexis end no 8
opcrations promise fo yield useful models, . Jch as sumt + Lira miodeis, for the desia

flight ~ontrol systems, wirich will make the most of the a0 cnse capabiiily of the nifcr



y el e

Lor's cordidir a sarelil. s wiilnole conire! uyoiam whose very viriue is the fact that it depends on

: to- . P N . : . . i
A‘-.v‘lcmdb Jngpe ral '. RGN A OVt Sl iple involved,
. T4 ; e e T I3 PN e L o Ly

coooo b4, in gravity cocunant e osiehilina: - fative spaccecraft

wiiin an uppo: : !oyvcr end re

dumbbell. The iciser ond, because i

the Earth, has a slightly h!gncx grovin/ force | CRAVITY CRADITHT STAZILIZATIOH

acting on it, therefore it weighs more. The
cffcet is to rotate the dumbbell so that the heavy
cad poinls toward .o Carth. This force exists.

5 been seon many Lanes in orbit. ¢ withous N W, e 1
a further step it would rosult in @ pendulum

- - - ) -
action, swinging aoou: ‘he neutral pusition.

| [
- 1 - i : ’
Damping must be provided, ¢nd therein fios tne /<J . 500 TXTS

¢ngineering proslem.

oy ke

5

CRAVITY GRADICAT RESLARCH

Fig. 14

= S Practical tmplementation of gravity gradient
ORI AN L ; cifituce control fukes a form like the configura-
'\ ,/'/’ § | slon shown in Figurce 15, developed at the Ames
Center, and worked on by others, in which long

cods are paid out from the satellite body to

¥

i

DAMITLR -

S

, increase she satellite’s rotational incrila. The

d - ‘ . s
sateliite 35 skewed with respect to the ombiral
slane so fhat it gocs along in a skid all the fime

: in order to crose couple the motion cbout the

ce Gxas.  Juw Ko Hhis Cross cousiing wo ¢
Fig. 15 J5C G ATl e sor ghout one Gxis, Cross SOl
its damping into the other axcs, making a mintiiom con »u aiion. la auomo.;,
have been working on the technolcry requircd lor inete vary long rods, sometimes 30 to HCO Toer
in length, working fowards rod configuration and ...oo.7ns o o fhe rod bending due fo i<

hcating wili not maferially affect the operatior.

1. vilimate aim Is developmon:

technology coslicaple to a vcriciy of spacecraft, operation vz .o synchronous aifitudes, o oo
ffective long~iife ciabllization for communications saiellites, mcteorological satellites or i/

c ve
other kind <! f,a*i'e;!x:c inat needs to point towards

. o . . . GAS FLOW VALVE
Moving ¢ to he acreciors, Figure 16, .o lch "

exccuie oo commands of the guidance ana con- ER:: AT
trol systemn, we have supporfed the development, L \
by Ameiican Stondard Radiators' Advanced Tech- ‘ oo o SRR
nology Laboratory, of a micro-power thrusior for o o2
;
mass expulsion attitude control of spacecraft -
which utilizes gascous hydrogen as a gropellant. S O
To ey Lo wevailable from boii-off of the R e
b ’ Hydrogen under pressure is lN) et
e oo i within e pressure chamber. P e
N -

FlAGh @ conirol tystan, cuniands if, the electrical



PR
system heais the pipe. The pipe is made of ¢ pecsliar ot

allows the hydrogen to diffuse through fhe pailc liun
through th cust nozzle, oxerfing aiili s con

1

valve for rude thrust conirol, or ool tor ¢ gy,

+

chraine  which has a poiontial relieolary muc. 00 o

RO BT

1. - H N
:dium, which wiet

pressure chambier,

. Thus o no oo

et

f
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i L T SA rosearch activitios wiin cloon

Lo Lover

seennical arcas range from the instiument

includin~ some <lscussion o ihe inferactions of daen

These e
conceming ine Chicenel itself, the Receiver
v o rewcurch conducted in these fechnical
Cooos Lo amprove the efficiency with which the
Laver gafhers the required data cencerning
soenomena.
i wi. highlight sclected items from ecch o these
tec..uical arcas to illustrate (a) the requircments
we are siriving to meet, ( the c"'sﬂng ciaie uf
tccinology, (c) the progress bei
prospects.

\

Instrumentation

Tne firsi technical area is that of the sensor or
incrument, whicL\ is probcbiy the most T soriant
in that it I the first contact with the shyical

ente e creer e - St
i Bidd s cecilivemenver aE¥am o o memevi @

1

©  LXTUNSION OF MIASUKABLE RANGE

@ HIGHIR ACCWACILY

I ©  COMBINLD LETICTS OF LNVIKONMINTAL PARAMUTERS
@  DLVILGPMENT OF STANDARDS

@ DLVILOPMINT OF CALIBRATION METHODS

NASA RU-3026-2.64

Fig. 2
fn inc cu.rophysical instrumentation area, cne of
the niv - iraportans instruments is that of the
churgew narticle instrument. Shown in Figuoe 3
are two types of cuacged pariicle instruments.
Our rescarch efforts are divceted primarily ;‘oword
the individua! parricle detociion and counting
Pr cruments for defeciing
riaot G owelocity or an

approach.  Previously, !
charged particles pefo
encrgy flitering as shown o
c.ceirical or magnetic fieids cmd then indicating

the number of particles on an average basis.

sure 3, using

INSTRUMEN

g made, I} fuscic

ATION AND DATA PROCESSING

ical phenomena to il

xperimenter,

e technical arcas shown in Figure 1. These
ing of fne b

ocessing with the experimenters themselves.,

e

TECHRICAL 23145
ELECTRONICS

1 oLy :mpo

fhree primary

ctant
nlL,uA

~eas are:  instrumentation, On-._w:‘c data processing, Transmiss
and Ground=-based data proccssing.

ion, information

The basic chjea-

instronss o o

e
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Langlev. s » _arch ‘Center and Goddard Space Flight Center seck to provide resolution in the detec-
fion process 5o that individual particles con be dc%ccfcd This coprooch which utilizes hiah—spccd
fic

.

¢ s shows promise of mecting the requir fa dynamic range from a few part

second fo funs-of-thousands of particles per scoe I;.u:*.crﬂd in Figure 3 is a fO|ld".afGTc tech -
nique; howaever, other oppxoochc, such as clec.ion muliislicrs are being pursucd as charged particle

detectors.

the aroo ~ engincering instrumentation, one of the more Trwoortant sensors is that of the abla-
‘ton senseri. o wcarch at Langley Research Center

is pursuing “hreo different types of ablation
srav e e ndicated in Figure 4. The optical ablation sensor om‘;ra'i‘::s as follows. As the material

aviaies, a sapp huc rod is exposed to the light cenereted by the plasma. The sapphire rod transmits
p ! g 4
H

e ligns generated by the plasme and this light is defected by the photo diedes. An output from

1 photo dno e is an indication that the mcicria has chiated to the end of the sapphire rod.

The second approach tokes advantage of e

trical conductiion of fhe charred marerial fo shory
two wires imbedded in 0 (Licting maoterial. Ag the
material ablares

, ooty of fnewires are exoose

io charred nwarerial whio.. causes a shoribetweo, vhe

wircs and fhus indicaicr .ne material has ebiar .

1 . - . . -
expose the wires. The zn;rrumonrahown on the iar
vighg in ."E-\;\;:p -+ illusiraics an ablation instrument
’ . .

i

v indicates ina more general sense the status of L
an abl hg heat shield. The molybdonum wbe is

cxposed to the hear ¢ .d is weckencd and ihus loses
' c

cnsion from the "D!‘an it cc.lapses and shoris, o
& microswifch, i;‘.g;:;ring the starusof the
Laicd materials., Fig. 4
EP2I2 ATHOSBUIRE RESOTE . LV L ASERININT 11 - iy
BACESCATIER Tiluiatils | e riemees Lan ?“y Research
f"}— R v ‘) k,\,mcr has oc.Formco a flight cxperiment evalua-
LAY I R . | ;ing gamma rays as the source for a backscattering
it U,\ - sevnanin ’ y | ?;;-vmu. (Figure 5) Gomma rays cre emitted and
({F\] \ /{‘j‘m.,(..wﬂ m:c.-‘::"::’u i the nunser reflected back pr OViL IS measure Of
] t ol G 1aT) i the c'l'mo;f“erac density. Resulz of the flight test
1 E R I x i indicaic tnat we can accurateiy micasure atmos=
IRV Il B l ities at altitudes in cxcess of 300,000
i L ‘ LR | E is being pursued using X-ray and
S 1 ultra- vioie‘r, as well as electron woams, as the
i

S U [ i e e i o e

scurce for a backscattering instrument to measurc
cimospheric densities ataltitudes in excess of

Fig. 5 400,000 fecet.

N

On=Loard Data Procesiing or Encodding

The oxb feehnical area is inct of cn-board daia processing or c“cUJngJ. This is an crea inwiich
we feot substential improvement can be made in the efficicney of dera fransfer and handling Ly the
spacccraft. For example, pre-processing of data on board the spaccc . can be enioyed o 5 limin
naic much of the redundancy of data and thereby decrease the amount o dafa vo b ransmiticd,
Shown in Figure 6 are two spacecraft, one transmitting all the data ana e other frcismitting only

14



fnc pre-processed data. In conjuncticnwiih th

-

+

(e

. pre-pr f data, ..oreis alarge amount of
How the experimenter o command
r/

5 "o tronsmit e raw data if morc
sesolution in fhe experimentis need. d to resolve

Lo iliusirate this tyse of system, consideraweather
se primary mission is to provide hurri~
viainings., As shown in Figure 7, thye fave

.5 of the data would teke the form of pattern

crocest..
recognivicn. Parfern recognifion provi"’~C the
answer to ihe xmporfom question—is ihe

Fig. 6 cane? The critical data concerning thic iocc.‘"zo:a

(»‘
o]
C
-
-y

H

FAE T DS PR R ] i
“ore-processing of fhe dafe. At the same fime

|

or two p.ciurcs of ine hurricane co
oren forlater conrirmaiion by the Weather
Ccansmitting oniy L. ar :.:cc' parameters whic

C
o

)LT
b

1
0
ccseribe the woricane would representa large

sedugson n the amount of dara needed and thus
sohnteve o considerable increase in the efficienc
it data chiannel .

.. on—soard data procesr"ng Or encoding aguip-
eats require a large numoer of electronic com-
ponen!'s 33‘ is tne reliability of these comzonconi: Fia. 7

- ~ t
i

which, L. he Tlnzanalysis, determines th - reliah! oy oo 7o expectancy of the sro
cosuit, oo iderable research iz hein

c

SR ' e arce of electronic cor npov vent coin ot
Our aoprecch is first fo determ

fhe cemscoenis in the environme

Aoicr oo wains thefallure modes exhinin

_win these environmenis,
owerd excluding or minimis o

~vons and orienting our rCLenren

PLAFCLIAKRCE OF LLIQTTIC (0L
ORAPIATION ¢ .

Fig. 8
P, .
dovising components which will be compierely
Immune to that type of damage mechanism. !
:. Fig- |

ure 9 snows the tolerance to profon vo...ciion of

l
i,
(AL AR
r

To Hlustrate, let'slock af radiation demag

|
!

conventional electronics, semi-conduciors and thin
Csvices. Semi-conductors nave Lo ToLorance

whone devices Toch asreon

hat pre=
P rhereasons
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long 110 o ney, are the pacumatic devices.
A - .a .

R o ; Marshall Space Flight Center indicare ihar using

these and otiner pneum
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COMr e gt . At the oprical end of ine Fig. 13

spectie o Liere i; clso an abundance of icchnology targeiy because of the work of astronomers and

more roc. iy the discovery of ineioscr.

As we look ab fhe porential or apoiiai o lco. Trequencies for long range cummuni-

. - ¢ 1 1 - -
cat xono, va see that the curve is esseati e inverse of vhe technology curve. Tlm characteristic
desired oo a transmitter is high direciivivy, small size, and light weight, and this is characteristi

of the submillimerer and optical frequencics; in facr, the higher the frequency, the better.

¢ poh;r;i‘ioi curve of Fi 3, on a theoretical bocls, should continue to have a Ho five slooe,

u
I~
O
Q
C
(%]
I
3
Q
o
0.
ez
9
0
et
<,
=
\
o)
Q
3
o
o
0
O
=
o
<
(@)
Q.
C

t
I
higher frr-cuc Ncics. HOVVber ther 'zs a Hmif )

L

i.
row much dissctivity can GC:UOI«\/ be used dueto
the Himitation of how cccurately the spacecra

cquipment can point tne transmifter. That, coupled

with the fact thai quantum noise becomes ~ - uom-
inant as opposed to the type of nolse af (.. . .cro-
-

i

wave frequency, forces the curve to fail off covnown.
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!o“ CEcfea in the 'mcrowove casc fhan in the oprics!

S mficowdve receiver oz e soplicar
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crder o teke advanteae of Bhese narrow o
tions, we must devise cenii-
iniing. Sylvania, under
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Do

Soce flight Center, is
iocking into the c:;',,r,c.-c?*;\::s of clectronically ) s :
r~<‘='n3 cr wointing @ . sor seam. Figure - chows e T f
beem being dericceted uy Coadying ool \ R T _/
coiony a KDP erystal. 1t scns out ther o <OP | \
,vitn woltage applied will, indecd, coliecr
et o anooad the dcﬂccﬁon can be conirciled i ot
SY cuni of voltage appiicd. ‘
Fig. 15
Fl ure 16 is another illustration of wihiat can be
ccoteved with a highly directive transmitier.
Figure 16 is a picturce taken at Hughes Rescarch
Leboratory across Santa Monica Bay of a laser
iccared about 18 miles aww . Vhe important
thing to not cc is how br'gm he laser fignt i
d to the other lights. 1t should be noted
e red laser light is actually write in the
cenier because the film is saturated. This laser
beam is cbout one-millionth the power of the
orher lights shown in the picture. 1t is very
ir.cecesting o see xhxs sef-up at Hughes. If you
wa. < a few feet eiiner way, you are out of the
Fig. 16 [czer beam end you can no longer see it.
DR N L L o
RIENTRY FLASMA EFIECTS
Toc next fechnical area | would like to discuss is .

that of the channel. The principal activiiy we
have in ihis airca is that of determining the effects
of plasmas generated during reentry on communi-
cations. Figure 17 shows the arcas during reeniry
wheoo communications blackout wiii occur cue to
the plasma ¢ 'acts. Any vehicles having a velocity
and aliitude (o the righ. of the VHF bleckeut line
wil. cuffer VHF bleckect. Similarly, cr\/ venicle
to the rigit of the channel blackout Tine wil
sufier blackour of C-band. For instence, cvenicle

traveiling af AO CCO fps at @ hundred thousand

foov glfitude wxh be blcd\cu cot ai boo e C-band
Apcll

VHF C-band LJaccr\ou'r during the early soriion ¢

and VIiF
o reentry frajectory is ¢l.o shown on figure 17, which indicates that Apollo will suffcr oih
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Shiown in Figure 19 is an optic:’
pursuid, which does not appear to fali
> any of the technical areas but is

~warcc.vor and a transmitter co

cscussos . This device is a Med. Lo

aucing oo rective Optical Sysicin (AIROS),

w:.h.n acis as o sssive refay. Tne operaiion is _ B

Hows. ine .oter beam with modulation hits

Yo worner :ch ror, os does the laser beam with- ~Tag—

out moduiaiion. Ti.y rnocslation appearing on the one beam appears also on the other beam after
it has been reflected by the corner reflector.
Since the corner reflector returns the light beam
‘o the source, a communications relay has been
accomplished.

Research effort ab Goddard ssace Flight Center,
and aiso at Langley Research Center, is on the

inciple except the corner reflector itself
medulated.  The sum total of these techniques
will allow us to consider accomplishing coptically

such things as lunar surface communications over
e horizon; and, for some applicaiicns, o leave

the fransmitter oif the spacecraft and in its place

Sig. 1Y put a modulatible corner reflector and interrogute
it with a icser beam. Anoiher application might be where an astronaut, exploring the lunar sur-
face, pu'rs a corner reflector on his helmer, and the mother ship could listen to him talk by k
shining a beant at his helmet.

“ RVIGTS ! R
P S | RAYE -

. aoxt technical area is that of the recuiver 5
e 20 shows our present receiving coscility.

Wim the present 85-foot antenna receiver system,

we have a good capability to receive average

juaiity TV pictures irom lunar distances. With the
210-fcot antenna, NASA will have a good capa-

N . ey s .
ity for high gualivy TV pictures at @ two or
1 5 . - . T

nree picture: por socond fransmission raie rom !

vnar distaences.  C.owever, the plan ~'2‘<*“~/ cazabil- e e
iy, even with ihe 210-foot dish is s

Fig. 20
Cur research activity has been to achieve cven lerger apertures and thus improve oo communicu-
oo Sty Boin Goddard Space Flignt Cerier and L\..x‘)k\/ zsearch Center are G Eng fech-
Ricces L in arraying of anfennas fo incrcase the cperture. For exampic, an ciray of Mhirly =six
o=t antenncs would roughly  give the samic type of Improvement ovar thie 210-f. anrenna os

O



v

- " . - . -
was ok reos coing feom an 85—, co o 10-vr. Looriure enfenna.

. ‘ -

Waork Inonu o feeds av she Cambridge Research

! L . = NeTrTI ey Yy Spat e e -1 a :

(IR EWHE] sy carm VO B e ion 1 Gl we g ey ey nyg
o . [EPRL PO Lo lGON

; N s Sime Cf

. N I R Bt g
e Tha o ,.,a’.._,m,z;-..‘/ (o]

<

H.(,,\U\.. NN !Gl'«\j\l ape
. SUSTO AN SwWa g e
L]

3 ot £ N
Vi a0 \'v’ vy G ooaGm Ccoe

PALA DO NM3-7 dot

P R B -~

OF [RETS (A-l!\.i.\J. oS (Su’ |
]
TS S T P s | i
MOVINnG o Gisn., INRGse : !

]
- ISR ' i
B -t N C‘J oo ‘ 0
. . i i
s [P Do Laniven 1 :
1. ; . i Lokt MBLTIZLE FEED ‘
PG o W feC QuULs U U i |
k |
1
i

LTUNS Wl GMuUch eiloaor s, Tos
ST S SN N TUPUE DU S SO A R
¢, oansread oF TRty Tui Q0= anténnds, ab

b

rig. 21

ame price we mi
120~-f+. or 150-f;. < -irennas.

so, the Lame tochnigue could possibly be applicd to exiending the frequency range of the
.

- . o HE S [RA -~ = A A Y ~ ! ~re e osent «
SO GoLCnnGs. i, i ine Tevurs, LA gees To ATaahG \iU\}nCiCa, the present antennas
R P . “ * ol - 3 - T e ! 2 - i
il ot have the roc. od s Taee folcrence in tho wain rolicerors. The multiple feed sysrem

iaiGhs be a way of cooigiasaling tor o lack of the recuired surface folerance.

S - 5 : - ]
ems. \l‘/e are not inferesied in a iarge
)

LY CABLL

ant uc*ﬁcﬂon. r_sscnﬁczﬂ\/ what is
lerge photen buck
¢ photons fransmiti cd Gy DOSSID
nstruction of the pho

igure 22. 1t is composed of many indi-

HALA RE-3100-2,64 i

c
ov.pu‘f cquipments.  Tho equipment on §

HE SR TR C‘C}U:p;"ﬂ"

[
>
-t
- I
O
t3-
ar
3
O
AT
-
9]
e
I8
Ca
¢
8

TO acnieve casy JCCEss

-
2

O
w



@Jl".t-:’or‘i‘.*:/*'.z e computer sysioms aro

inerg e L '.c'i(‘:ncy of ihe compuiing vamplio, fo point fhe way to more .o Iobit, sy stems
CGusigii, Lo o the nan-comuuter couiicalion capadility and, thereby, increcse the utility
and fleaibility of the computur system.

Voo re g cocchieve ways and mears o aliow

iany peo o o v osimultancousty witn o com- - :
puter. These poc. —shown in Firure 2 iloscive :

complex problems simulrancousiy widi e co

apurer
,/‘..

Phis 1o powsibic becau o the il
'~. A' ~ e RO -
Tle more than one ariin.Lore

23 s .
fogether., Our iong rc..,;‘; Goc.

computing system whaoreby many scicnils L woulc o LRILEAT LTiRAUION P
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- ~1 B I £120CT, THITOT 72 LN RS i
use a comnu/ L simultancously to soive © cumpl ox © EIAC, THLCIVE CuRrzel . AR |
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a sihide rele 1€ Glay 10 solve some of the Lhore . © GRI GF ZARY CORSOLLS .
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mundi.coengineeing problems. i

- Fig. 24
CORIIIEL R OGS Conziderable rescarch effort is being expended in

g evolving computer components. Figure 25 chowe
{ i e ‘ L - Ly
; ; § ’ ihe staius of the computer memory capability. It
+ . !
| | | turns out that NASA's interest is in the arca which
{ . ; is a compromise befween high spcad and fc.-'r'g
§ i ' RN PN N l’
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